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ABSTRACT 
We have used corresponding “marker” features in the intensity vs. time profile of 
termination shock particles coming from within the heliosheath and also 5-12 MeV electrons 
which are coming from beyond the heliopause that are both observed at both V1 and V2 in the 
outer N and S heliosheaths, to estimate the thickness of the S heliosheath.  These features in the 
N heliosheath have been observed on the CRS instrument on V1 in the N heliosheath beyond 
~110 AU or within ~12 AU of the heliopause.  Although the intensity-time features in the S 
heliosheath are quite different overall, certain features stand out at both V1 and V2.  The 
correspondence of these features in the N and S heliosheath allows us to estimate that V2 will 
reach the S heliopause near the end of 2014.  
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Introduction 
 Voyager 1 has already traversed the heliosheath between 94.1 to 121.7 AU at an average 
N latitude ~32�.  The intensity-time profiles of several different species of energetic particles 
observed by the CRS instrument (Stone, et al., 1977) have been reported earlier by Webber and 
Intriligator, 2013.  These radial intensity profiles are relatively uniform over a large part of the N 
heliosheath; however, several features or structures in intensity vs. time profiles have been 
observed by V1, mainly for electrons, within about 10 AU of the heliopause (HP).  These 
structures and their radial location in the heliosheath may be influenced by the local interstellar 
magnetic field, ISMF, and how it interacts with the heliospheric plasma.  For example, the 1st of 
these structures in the outer N heliosheath, seen by V1 at a distance ~111 AU (Webber, et al., 
2012), is about 10.5 AU inside the HP located at 121.7 AU (Stone, et al., 2013), and already has 
a magnetic field magnitude ~0.3 nT or about 2/3 of the ISMF (Burlaga and Ness, 2010; Burlaga, 
et al., 2013).  This observed field is, energetically, 10-100 times stronger than a possible residual 
solar B field at that location.  The large field amplitude therefore more likely has its magnitude 
influenced in some way by the ISMF at this location. 
 In comparison, as of the end of 2014, V2 will have traversed the heliosheath from 83.7 to 
107 AU at an average S latitude ~29�.  At this time V2 is therefore at a distance ~23.3 AU 
beyond the heliospheric termination shock (HTS).  In the N hemisphere the heliopause was 
observed at a distance ~27.6 AU beyond the V1 HTS using the values for the HTS and HP given 
at the beginning of this section.   
The intensity-time profiles of energetic particles are much more variable in the S 
heliosheath, particularly in the first 5 AU after the HTS crossing.  These time variations have 
been recently discussed in Webber and Intriligator, 2013, and references therein.  In late 2010, at 
a distance between 10-11 AU beyond the HTS a sustained large intensity increase begins at V2 
for all energetic particle components.  The peaks of these increases are observed at about 2011.3 
at a distance of about 95 AU.  At this time the TSP and ACR intensities are higher than those 
observed by V1 at any time during its heliosheath traversal.   
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After about 2011.3 all of the intensities at V2 then slowly decrease over the next 5.5 AU 
of outward radial movement of this spacecraft, so that by the end of 2012, when V2 is at 100.5 
AU, the intensities of all components are at minima during which the intensities are not much 
larger than those observed when V2 crossed the HTS.  A second intensity minimum, which is 
particularly noticeable for TSP, is observed about 0.9 year later near the end of 2013.  These 
minima for TSP are not observed in the N hemisphere at any time by V1 and will be discussed in 
a separate paper. 
 If we first consider a nominal N heliosheath thickness of 27.6 AU corresponding to a 
heliopause at 121.7 AU and an HTS at 94.1 AU as observed by V1 and note that the relative 
distances of the N and S HTS crossings by V1 and V2 was equal to (94.1/83.7 AU) = 1.125.  
Then we assume the same ratio for the HP distances as for the HTS distances we obtain for the S 
HP distance, 27.6/1.125 ~24.3 AU.  This assumes that any differences in the relative solar wind 
pressure at the times of the two HTS crossings are small and therefore that the factor of 1.125 is 
attributable mainly to external factors, dominated by the ISMF field and its direction.  Thus at 
the end of 2014, when V2 is 23.3 AU beyond the HTS it is within about 1 AU of the South HP 
using this approach. 
 In this paper we will examine certain corresponding features in the N and S heliosheath 
structures in more detail which leads us to suggest that V2 may, in fact, reach the HP sometime 
in late 2014.   
Data 
 The V1 and V2 data used here are shown in three figures.  Figures 1 and 3 are similar in 
that the V1 and V2 times are synchronized at the time of the V1 and V2 crossings of the HTS 
which occurred 2.70 years later at V2.  Thus we have delayed the V1 time by 2.70 years.  This 
comparison is useful because V1 is moving outward at the rate of 3.62 AU/year, whereas for V2 
this speed is 3.14 AU/year.  The ratio of these outward speeds is therefore 1.145.  This is almost 
the same as the ratio of the N-S asymmetry measured for the N-S HTS locations which is 1.125.  
This means that if the N and S heliosheath radial dimensions scale according to the time beyond 
the HTS crossing then the various features in each heliosheath, including the HP, will occur at 
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the same relative “time” for V1 and V2 in each figure.  Since the N heliosheath thickness is 27.6 
AU the “nominal” S heliosheath thickness for this example would be 27.6/1.125=24.5 AU.  If, 
however, corresponding features are observed in the N-S heliosheaths, and if they occur earlier 
in the S heliosheath, then the S heliosheath thickness might be compressed relative to the 
“nominal” N thickness, or visa-versa. 
 Figure 1 shows the data for 5-12 MeV GCR electrons.  The radial profiles and relative 
intensities of this component in the outer N and S heliosheaths are greatly different.  The higher 
latitude for V1, just above the HCS, may explain some of these N-S differences.  The black 
circle on the V1 radial profile in Figure 1 occurs 10.5 AU inside the N heliopause.  At this time 
at V1, a sudden jump in electron intensity occurs after a prolonged electron intensity increase at 
a rate ~10%/AU.  At the same time the magnetic field amplitude increases up to a maximum 
>0.3 nT.  As described by Webber, et al., 2012, this increase marks the entrance of V1 into a new 
region.  In Figure 2 we show the V1 radial profiles of two different components (TSP and GCR 
electrons) in the N hemisphere from this time to the arrival of V1 at the heliopause about 3 years 
later.  This history of V1 intensities was discussed by Webber, et al., in 2012, and Figure 2 here 
is an extension of Figure _ in that paper.  Several new regions with different electron gradients 
and other features in the TSP and GCR nuclei were observed by V1 and their distances from the 
eventual heliopause crossing by V1 are indicated at the bottom of Figure 2. 
 Figure 3 shows the >0.5 MeV rate at both V1 and V2.  This rate is dominated by ~1-10 
MeV TSP.  The detailed radial profiles in the outer N and S heliosheaths for these 1-10 MeV 
particles are again very different, however both have a distinct maximum which occurs at V1 in 
the N heliosheath about 3 AU inside the HP.  The maximum in the V2 intensity-time profile for 
this component in the S heliosheath is shown by the red open circle �.     
 In the N heliosheath, this increase is shown with a black circle 2 in Figure 3 for TSP.  It 
occurs at a time when V1 was only ~3.0 AU in front of the N heliopause.  This N heliosheath 
increase is believed to correspond to the increase labelled with a red circle � in the intensity 
time-profile of TSP in the S heliosheath which occurred ~0.4 + 0.2 year earlier on this scale.  
Both of these N and S increases are followed by a period of decreasing intensity for TSP and 
which is still continuing at V2. 
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Discussion of Relative N-S Profiles 
 We wish to concentrate here on two features:  (1) The feature labelled � in Figure 1 at 
both V1 and V2 in the intensity-time profiles of 5-12 MeV electrons.  This feature occurred 
when V1 was ~10.5 AU inside the heliopause; and in Figure 3, (2) the feature labelled � at both 
V1 and V2 in the intensity time profiles of both TSP and GCR electrons and which occurred 
when V1 was within about 2.5 AU of the HP.   
Consider first the feature � in Figure 1.  Before this time both the N and S heliosheath 
electron intensities were increasing rapidly.  We believe this peak, occurring at 2009.5 in the N 
hemisphere and 2011.3 in the S hemisphere is a “corresponding” time marker in both 
hemispheres.  It occurred when V1 was 10.5 AU inside the N heliopause.  At V2 in the S 
heliosheath this peak occurs about 0.8 year earlier than at V1 in each of the intensity time 
profiles of GCR electrons and TSP. 
 Now consider Figure 3. At V1 another significant increase in TSP is seen at 2011.9, and 
is labelled �.  This increase occurred when V1 was about 3.0 AU inside the eventual heliopause 
location.  It was followed by an intensity decrease of TSP up to the time where V1 was only ~0.3 
AU inside the HP.  A similar intensity decrease in TSP is occurring at V2 in the S heliosheath. 
This second red circle � at the maximum intensity of TSP in the V2 profile in Figure 3 is 
therefore taken to be a “corresponding” increase of TSP in the S heliosheath.  It begins 0.5 + 0.1 
year earlier in the S heliosheath than in the N heliosheath. 
Summary and Conclusions 
 We have followed the intensity variations of the TSP >0.5 MeV as well as the GCR 
electrons between 5-12 MeV at V1 and V2 as these two spacecraft pass through the outer 
heliosheath.  One objective of this study is to determine when V2 might cross the heliopause 
using the V1 data as a guide.  We believe that V1 first crossed into a new region at about 2009.7, 
when it was 10.5 AU inside the HP (Webber, et al., 2010).  At that time the 5-12 MeV electron 
intensities and radial gradients changed dramatically along with the magnetic field energy 
density which increased by a factor >10, with the amplitude exceeding 0.3 nT, or over 2/3 of that 
of the ISMF measured beyond the heliopause.  This is the first reference time at V1.  We believe 
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that this corresponding event is seen for electrons at V2 approximately 0.7 year earlier than at 
V1.   
 The next significant feature at V1 in the N heliosphere occurred about 2.4 years later, at 
about 2011.9, when V1 was at 118 AU, when a sharp peak was noted in the TSP intensity time 
profile.  This peak occurred when V1 was between 2.5-3.0 inside the HP.   This increase is 
labelled� in Figure 3.  We use this event at V1 as a second “marker” for the progress of V2 
through the heliosheath.  At about 2014.1, the TSP intensity suddenly increased at V2, and then 
decreased up to the present time, 2014.6.  This mimics the second “marker” event at V1 when it 
was 2.5-3.0 AU inside the HP.  The increase at V2 occurred ~0.5 + 0.1 year earlier than at V1 in 
our reference time scale.   
Note that, in the reference time scale in Figures 1 and 3, V1 reaches the HP at 2015.35.  
If the S heliosheath were the same thickness as the N heliosheath, V2 would then reach the HP at 
the same time, when it was ~24.5 AU beyond the HTS.  However, the two corresponding events 
described in this paper are observed earlier in the S heliosheath indicating an additionally 
compressed heliosheath.  If we take the time for the final marker event � which occurs ~0.5 year 
early at V2, then excluding possible further N and S heliosheath differences, the HP itself will 
occur ~0.5 + 0.1 year early and will be crossed by V2 between 2014.75 and 2014.95.   
 Recent V2 data on 5-12 MeV GCR electrons shows an increase ~25%, starting in late 
May, 2014 and still continuing.  We believe that this increase, labelled � in Figure 1, 
corresponds to the increase ~30% of electrons seen at V1 that starts in early May, 2012 and is 
labelled � in Figure 2.  This increase started when V1 was 1.1 AU inside the HP which was 
crossed on August 25th.  During this same time interval the TSP intensity continues to decrease 
in both the N and S heliosheaths.  So this looks similar to the start of what was ultimately the 
final sequence of events at V1.  
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FIGURE CAPTIONS 
Figure 1:  Intensities of low rigidity GCR electrons (5-12 MeV).  Note the different radial 
profiles at V1 and V2 in the N and S heliosheaths, respectively.  The RH scale for V1 GCR 
electrons is different than the LH scale for V2.  Note also the sudden jump of electrons at 
2009.7 at V1 when it was 10.5 AU inside the HP.  We believe V1 entered a new region then 
(Webber, et al., 2012) and this point of reference is shown as a black circle �.  A 
corresponding S heliosheath point of reference is shown by the red circle �, which is at the 
intensity peak at V2 after a sustained increase of a factor of 5.  This increase factor and the 
two intensities at maximum (left and right hand axis) are roughly the same at this time. 
Figure 2:  V1 intensity-time profile of two components in the N heliosheath after the 2009.7 
electron event at V1.  The time at V1 is shown on the X-Axis scale which also shows the 
scale in AU inside the N heliopause.  The events �, � and � are discussed in the text. 
Figure 3:  V1 and V2 intensities of >0.5 MeV particles (mainly ~1-10 MeV TSP).  The events 
� and � in the N and S heliosheaths are discussed in the text. 
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